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1. Abstract 

a. Provide no more than a one-page research abstract briefly stating the problem, the research hypothesis, 
and the importance of the research. 

 
Stargardt disease [1] is responsible for 7% of all retinal dystrophies and affects 1 in 10,000 people. The typical 

onset occurs during the first two decades of life, which makes it the most common form of juvenile macular 
degeneration with an estimated incidence of 10 – 12.5 per 100,000.  STGD has been associated with 
considerable clinical and genetic heterogeneity, nearly two thirds of the cases are caused by several mutations 
in the ABCA4 gene [2, 3] with predominantly autosomal recessive inheritance [4]. A minor percentage have 
been associated with mutations in the ELOVL4 and PROM1 genes [5, 6] and was linked to autosomal dominant 
Stargardt-like phenotypes [7], which usually have later onset[8].  

In STGD, the visual acuity impairment is accompanied by atrophic-appearing lesions in the macula and 
presence of yellow-white lesions at the level of the retinal pigment epithelium (RPE), also known as “fundus 
flecks”. Histologically, these fundus flecks are characterized by sub-retinal deposition of lipofuscin-like material 
mainly formed from the abnormal photoreceptors’ visual cycle [9-12]. Multiple lines of evidence indicate that 
the toxic effect of lipofuscin accumulation in the RPE is responsible for the RPE cells death [13-15]. Following the 
RPE loss, photoreceptor cells (rods and cones) degenerate rapidly [16] as their maintenance is largely 
dependent on RPE cells.  

It was surprising that first reports of ABCA4 expression found its presence in rod but not in cone photoreceptors 
[17]. Such findings contradicted the STGD most common clinical manifestations, which are primarily related to 
cones dysfunction. Only few years later, it was shown by immunofluorescence microscopy and Western blot 
analysis that ABCA4 is also expressed in the fovea, and so, both cones and rods express the defective gene [18]. 
Studies with electroretinography (ERG) confirmed the findings of ABCA4 expression in both types of 
photoreceptors by showing abnormal electro-activity of cone and rods. For example, Scholl and collaborators 
have found that L and M-cone driven ERG exhibit phase and amplitude alterations in STGD [19]. Others studies 
with ERG have also demonstrated ERG rod dysfunction [20], although important variability in the degree of cone 
and rods dysfunction are frequently seen across STGD patients. The association between clinical phenotype and 
ERG phenotype has been previously attempted by some investigators [20]. A study conducted by Simonelli et al 
has shown reasonable correlation between clinical appearance and full-field ERG findings, however, such 
association was not supported by a later study with a larger cohort of patients [21].  

Moreover, the marked phenotype (clinical appearance) variability, variable autosomal traits and large 
amount of mutations involving the ABCA4 gene make the correlation between gene mutations and phenotype 
a challenge for retina physicians. Furthermore, the differential impairment of rods and cones activity during the 
natural course of STGD is yet to be fully understood. It is possible that rod photoreceptors show the earliest 
functional decline, show regional variability of dysfunction and different rate of progression as compared to 
cones dysfunction. Such aspects may play important role in possible therapeutic targeting, clinical trial planning 
and outcomes interpretations. Whereas ERG is capable of detecting the differential rod and cone’s electrical 
activities, it cannot be precisely correlated with focal anatomical changes and distinguish macular lesions. 
 A relatively novel technology, the automated fundus related perimetry technology (also known as 
microperimetry-MP), constitutes a surplus tool to assess retinal function, in this case sensitivity, with the advantage 
of precisely correlating the retinal sensitivity to the anatomical changes seen in scanning laser ophthalmoscope 
(SLO) images and autofluorescence images. In the last 5 years, many studies using MP have reported cross-
sectional findings of retinal sensitivity impairment in STGD [22-25]. The majority of these findings were based on 
the evaluation of microperimetric mesopic response (cones and rods response combined) without any 
consideration to differential activity and impairment of the two types of photoreceptors during the natural 
course of the disease.   

More recently, Crossland and colleagues followed by Birch and colleagues have described and validated 
protocols to measure rod sensitivity using a modified MP-1 [26, 27], which may allow, for the first time, the precise 
evaluation of rod function and its correlation with morphologic damage in the natural history of STGD.  


